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O (54) Title: CONFORMATIONALLY CONSTRAINED LABELED PEPTIDES POR IMAGING AND THERAPY 

(5*7) Abstract: Conformaliona! constraints in diagnostic and therapeutic agents in peptides have been introduced by utilization of 
disulfide bonds and amide cyclizations. These constraints are responsible for altering the stability and specificity of these recep- 
tor-taigeted agents. Conformational ly constrained peptides containing secondary and primary amines, ethers, thioethers, amidines, 

^ esters and other functionalities have been synthesized. Methods are disclosed which incorporate multiple features of the above func- 

^ tionalities in the macrocyclic ring of the peptides. 
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TITLE OF THE INVENTION 

CONFORMATIONALLY CONSTRAINED LABELED PEPTIDES FOR IMAGING AND 
THERAPY 

5 FIELD OF INVENTION 

The present invention relates to conformationally constrained receptor targeted 
radiolabeled peptides which are amenable to positioning of a chelating moiety (henceforth 
referred to as "CM") and/or diagnostic or therapeutic isotopes. The methodology is 
applicable to several families of peptides including but not limited to: somatostatin, gastrin, 

10 gastrin releasing peptide, bombesin and bombesin antagonists, gastrin releasing peptides, 
adhesion peptides, cholecystokinin, neurotensins, neuropeptide Y, vasoactive intestinal 
peptides, thyroid stimulating hormone, angiotensin, pancreatic adenylate cyclase activating 
peptide, and substance P. Instead of chelating moieties containing diagnostic and therapeutic 
isotopes, other diagnostic agents such as fluorescent dyes, dyes that absorb at the near 

IS infrared region, can be attached at the same position. Also, instead of chelating moieties, 
other therapeutic agents such as physiologically acceptable drugs can be attached at the same 
position. 

BACKGROUND OF THE INVENTION 

20 Over the years, the presence of various receptors has been demonstrated in a wide 

variety of tumors. Diagnostic agents based on peptides have been introduced.* In-lU- 
DTPA-somatostatin analogs (see U.S. Patents 5,753,627 and 5,776,894) w^ere introduced for 
the purpose of imaging and therapy of somatostatin subtype-2 receptors. In this case, all the 
ehelating moieties were attached to the N-terminus of the peptides. The proteins or 

25 antibodies were either radioiodinated or reacted with bifunctional chelating agents and 
randomly substituted. 

SUMMARY OF THE INVENTION 

Conformational constraints in diagnostic and therapeutic agents in peptides have been 
30 introduced by means of disulfide bonds and amide cyclizations. These constraints are 
responsible for altering the stability and specificity of these receptor-targeted agents. 



wo 02/20610 



PCTAJSOl/27708 




-2- 

Conformationally constrained peptides containing secondary and primary amines, 
ethers, thioethers, amidines, esters and other functionalities have been synthesized. Methods 
are disclosed which provide means for incorporating multiple features of the above 
functionalities in the macrocyclic ring of the peptides. 



PEPTIDE CHAIN 



constraints 
(nfiacrocycHc ring) 

In many mstances, there is a specific need for attachment of the chelating moieties 
away firom the binding sites (besides the N-terminus, C-terminus and side chains of the amino 
acid sequences). Incorporation of amines in the macrocyclic ring provides a handle for the 
incorporation of the chelating moiety away from the binding sites. Incorporation of ether and 
thioether and other functionalities allows isosteric substitution of the macrocyclic ring. 
Incorporation of esters in the macrocyclic ring provides stability to the ring and a means 
towards rapid degradation and elimination after localization in the excretionary organs. It is 
understood that a combination of the above features can be incorporated between any two 
positions of the amino acid chain of the peptide. In addition to or in place of attaching 
chelating moieties, other moieties may be attached to the macrocyclic ring. Such other 
moieties include, but are not limited to, dyes which are useful for detection such as for 
diagnostic purposes and drugs which can be used for therapeutic purposes. 

DETAILED DESCRIPTION OF THE INVENTION 

' It is weU known in the field of peptide chemistry that cyclization of peptides alters 
stabiUty and specificity of the peptides. The conformation of a peptide can be stabilized or 
fixed by the introduction of a ring. In several naturally occurring peptides, the conformation 
is stabilized by the presence of disulfide or lactam bridges. Peptides containing disulfide 
bridges undergo metabolism with the formation of cysteines followed by enzymatic 
degradation of the peptide. Isosteric substitution of the disulfide bridge with either CHj-S or 
CH2-CH2 bridge should not only inhibit metabolism of the peptide, but also prolong the 
serum half-life of the peptide. Such a modification, however, may also render rigidity to the 
ring resulting in an inactive compound. 



wo 02/20610 



PCT/USOl/27708 



DPhe-Gly-Tyr-DTrp-Lys-Thr-Glu-Thr-OH 



{CH2)2-CH3 (CH2)2-COO-CH2-CH2 

2 



t 



DPhe-AGIy-Tyr-DTrp-Lys-Thr-Glu-Thr-OH 

(CH2)2-COO-CHrCH 



I 



Fmoc-DPhe-AGIy-Tyr-DTrp-Lys-Thr-Glu-Thr-O-RESIN 



f 



<CH2)2-COO-CH2-CH 



■'2 



1(a) 



0.5 mmol/g 



Fmoc-DPhe-AGIy-Tyr-DTrp-Lys-Thr-Glu(y-OAII)-Thr-0-RESIN 
Fmoc-DPhe-Gly-Tyr-DTrp-Lys-Thr-Gly-Thr-O-RESIN 



1 



0.18 mmoi/g 

2 ^ 



CH2 
I 

CH= 



(CH2)2 

:CH-CH2-0-0C 



DPhe-Gjy-Tyr-DTrp-Lys-Thr-Gjy-Thr-O-RESIN 

CH2 (CH2)2 
CH2 — CH-CH2-O-OC 

Metathesis reaction of linear bombesin and neurotensin derivatives resulted in cyclic 



esters. 



We have developed a method of stabilizing arginines by using amidine nitrogen to 
provide stabilization and to provide specificity. This method can be used for any arginine 
containing peptide, including those with an Arg-Gly-Asp (ROD) sequence. Metathesis 
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reactions can be performed on RGD containing peptides. RGD containing peptides have 
been implicated as inhibitors of integrin-ligand interaction in studies of cell adhesion, 
migration and differentiation. In the present Uterature, all of the Arg-Gly-Asp peptides are 
either linear or the sequence is contamed within a cyclic structure to provide stability and 
specificity. The methods disclosed herein use the Arg amidine nitrogen to stabilize the 
conformation of the RGD molecules. This arrangement results m stability against enzymatic 
degradation. 




PEPTIDE CHAIN 



The discussion above, together with the specific examples discussed below, show that 
a metal complex-catalyzed metathesis reaction has been successfiilly utilized for the synthesis 
of carbocyclic, cyclic ethers and cyclic esters. An intermolecular metathesis reaction in solid 
phase was observed in some instances at high loading levels of the resin, but intramolecular 
cyclizations are favored at lower loading levels. The methods developed for somatostatin 
peptides are applicable to other peptides as exemplified by the preparation of neurotensin and 
bombesm peptides. The reaction conditions are designed to prepare a wide variety of cyclic 
compounds for functionalization either at the N-tenrinus or in the macrocyclic ring. 
Macrocyclic peptides are ideal candidates for Tc-99m chelation chemistry because of the 
absence of reducible gtovips, such as.disulfide. Methods developed here are amenable to the 
preparation of a large number of peptides and peptidomimetics by combmatorial chemistry. 
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I. Endocvclic amines containing a chelating moiety 
(M)a-NH-(CH2)k-C|H-(CH2)i^O-M2KM)n,-M3-NH-(CH2)k-(jH-(CH2)rCO-(M)b^ 

(CH2)n (CH2)p 
P CH. 

(CH2)rf CH2-CH2— (CH2)p--Q-(CH2)p.-N^ 

CM 

AA, AA2, AA3 = natural and unnatural amino acids; this includes a-, p- and y- 
aminoacids and L- and D- aminoacids; 
a,b =0-10; 
5 k,l =0-5; 

m =0-20; 
n,n' =1-10; 

P is none, O, S, COO, NH-CO, NR, N-CH(=NH)-NH2, NH-CO-NH, NH-COO; 
R is hydrogen or C1-C5 linear or branched chain alkyl groups bearing -OH at any 
10 location; 

P,P\P"=0-10; 

Q is none, O, S, COO, NH-CO, NR, N-CH(=NH)-NH2, NH-CO-NH, NH-COO; 
E is a group of formula COOR4, CH2OR5, CON(R6)OH or CON(R7)(R8) wherein 
R4 is hydrogen or C1-C5 linear or branched chain alkyl groups, 
15 R5 is hydrogen or physiologically acceptable, physiologically hydrolyzable ester. 

Re is hydrogen or C1-C5 linear or branched chain alkyl groups, 

Ry.Rg is hydrogen or CpCs linear or branched chain alkyl groups or taken together 
form a cyclic alkyl group C3-C10; 

' CM is a dye, a therapeutic agent, or a chelating moiety or metal binding site wherein 
20 the chelating moiety is labeled with_a metal isotope selected from ^^Tc, ^°^Pb, ^''Oa, "^In, 
^^Ru, ^^Cu, ^^Cu, ^«^Re, '««Re, ^Y, ^^^Sn, ^^^Tb, ^^^Sm, ^^^Ho, ^^^Rh, *^^Lu or a radioactive 
halogen isotope on the understanding that 

i) if the label is a metal isotope, CM represents a chelating group suitable for the 
metal and 

25 ii) if the label is a radioactive halogen isotope, the halogen is attached to an aromatic 

ring. 
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wherein the CM is attached directly or through a spacing group to the peptide, said 
CM being attached to the amine through an amide or urea bond or by any other modification 
which allows attachment of a chelate and which modifications are known to those of skill in 
the art, 

5 wherein the chelating group is preferably derived from ethylene diamine tetraacetic 

acid (EDTA), diethylene triamine pentaacetic acid (DTPA), cyclohexyl 1,2-diamine 
tetraacetic acid (CDTA), ethyleneglycol-0,0'-bis(2-aminoethyl)-N,N,N',N'-diacetic acid 
(HBED), triethylene tetraamine hexaacetic acid (TTHA), 1, 4,7,1 0-tetraazacyclododecane- 
N,N',N",N"'-tetraacetic acid (DOTA), 1 ,4,7-triazacyclononane-N,N\N"-triacetic acid 

10 (NOTA), 1,4,8,1 l-tetraazacyclotetradecanerN,N',N",N*"-tetraacetic acid (TETA) or a 
compoimd with a general formula 




wherein 

PG is a sulfur protecting group selected from alkanoyl, arylcarbonyl, arylalkanoyl, 
15 acetamidomethyl, tetrahydropyranyl and tetrahydrofuranyl, 

( Y*, Y", and Y" are hydrogen or oxygen with the proviso that at least one of them is an 

Ri and R2 are hydrogen or al^l (CpCa), 
X = NH or S with the proviso that Y"' is hydrogen when X is S, 
20 ZisPGifXisS,and 

Z is hydroxyalkyl, aminoalkyl or carboxyalkyl. 
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II. Exocyclic amines containing a chelating moiety 
(M)a-NH-(CH2)k-CH-(CH2)rCO-M2-(M)rn-M3-NH-(CH2)k^^^^ 



(CH2)n (CH2)p 

P NH 
I I 
(CH2)n' CH2-CH2-(CH2)(y^-CH-(CH2)p-C=0 

NH-CM 

AA, AA2, AA3 = natural and unnatural amino acids; this includes a-, p- and y- 
an^jioacids and L- and D- aminoacids; 
a,b =0-10; 
5 k, 1 = 0-5; 

m = 0-20; 
n,n' =1-10; 

P none, O, S, COO, NH-CO, NR, N-CH(=NH)-NH2, NH-CO-NH, NH-COO; 
R is hydrogen or C1-C5 linear or branched chain alkyl groups bearing -OH at any 
10 location; 

p,p',p--0.10; 

E is a group of formula COOR4, CH2OR5, CON(R^)OH or CONCRtXRs) wherein 
R4 is hydrogen or C1-C5 linear or branched chain alkyl groups, 
R5 is hydrogen or physiologically acceptable, physiologically hydrolyzable ester, 
15 Rs is hydrogen or Ci-Cs linear or branched chain alkyl groups, 

Ry^Rs is hydrogen or C1-C5 linear or branched chain alkyl groups or taken together 
form a cyclic alkyl group C3-C10; 

, CM is a dye, a therapeutic agent, or a chelating moiety or metal binding site wherein 
the chelating moiety is labeled with a metal isotope selected from ^^'"Tc, ^^^Pb, ^^Ga, ^^^M, 
20 ^^Ru, ^^Cu, ^Cu, ^'^Re, ^««Re, ''vr'^'Sn, '^'Th, ^'^Sm, ^^^Ho, ^'^Rh, ^'^Lu or a radioactive 
halogen isotope on the understanding that 

i) if the label is a metal isotope, CM represents a chelating group suitable for the 
metal and 

ii) if the label is a radioactive halogen isotope, the halogen is attached to an aromatic 

25 ring, 

wherein the CM is attached directly or through a spacing group to the peptide, said 
CM being attached to the amine through an amide or urea bond or by any other modification 
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which allows attachment of a chelate and which modifications are known to those of skill in 
the art, 

wherein the chelating group is preferably derived firom ethylene diamine tetraacetic 
acid (EDTA), diethylene triamine pentaacetic acid (DTPA). cyclohexyl 1,2-diamine 
tetraacetic acid (CDTA), ethyleneglycol-0,0'-bis(2-ammoethyl)-N,N;^',N'-diacetic acid 
(HBED). triethylene tetraamine hexaacetic acid (TTHA), 1. 4.7,1 0-tetraazacyclododecane- 
N,N',N",N"'-tetraacetic acid (DOTA), l,4,7-triazacyclononane-NJM',N"-triacetic acid 
(NOTA), l,4,8,ll-tetraazacyclotetradecane-N,N',N",N"'-tetraacetic acid (TETA) or a 
compound with a general formula 



10 




wherein 

PG is a sulfur protecting group selected firom alkanoyl, arylcarbonyl, arylalkanoyl. 
acetamidomethyl, tetrahydropyranyl and tetrahydrofiiranyl, 
15 Y', Y", and Y"' are hydrogen or oxygen with the proviso that at least one of them is an 

O. 

Ri and R2 are hydrogen or alkyl (C1-C3), 
X = NH or S with the proviso that Y'" is hydrogen when X is S, 
ZisPGifXis S,and 
20 Z is hydroxyalkyl, aminoalkyl or carboxyalkyl. 
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IIL Chelating moiety at the N-terminns 

CM-(M)a-NH-{CH2)k-CH-(CH2)i-CO-M^^ 

(CH2)n-P-(CH2)n-CH2 -CH2-(CH2)p.-Q-(CH2)p 

AA, AA2, AA3 = natural and unnatural amino acids; this includes a-, p- and y- 
5 aminoacids and L- and D- aminoacids; 
a,b =0-10; 
k,l =0-5; 
m =0-20; 
n,n' =1-10; 

10 P, Q is none, O, S, COO, NH-CO, NR, N-CH(=NH)- NH2, NH-CO-NH, NH-COO; 

R is hydrogen or C1-C5 linear or branched chain alkyl groups bearing -OH at any 
location; 

p,p' =0-10; 

E is a group of formula COOR4, CH2OR5, C0N(R6)0H or CON(R7)(R8) wherein . 
15 R4 is hydrogen or C1-C5 linear or branched chain alkyl groups, 

R5 is hydrogen or physiologically acceptable, physiologically hydrolyzable ester, 
Re is hydrogen or C1-C5 linear or branched chain alkyl groups, 
Rv.Rg is hydrogen or C1-C5 linear or branched chain alkyl groups or taken together 
form a cyclic alkyl group C3-C10; 
20 CM is a dye, a therapeutic agent, or a chelating moiety or metal binding site wherein 

the chelating moiety is labeled with a metal isotope selected from ^^""Tc, ^^^Pb, ^'^Ga, ^"in, 
^^Ru, ^^Cu, ^^Cu, ^^^Re, ^^^Re, ^^Y, ^'^Sn, ^^^Tb, ^^^Sm, ^'^o, ^^^Rh, '^^Lu or a radioactive 
halogen isotope on the understanding that 

i) if the label is a metal isotope, CM represents a chelating group suitable for the 
25 metal and 

ii) if the label is a radioactive halogen isotope, the halogen is attached to an aromatic 

ring, 

wherein the CM is attached directly or through a spacing group to the peptide, said 
CM being attached to the amine through an amide or urea bond or by any other modification 



wo 02/20610 



PCT/USOl/27708 



- 12- 



which allows attachment of a chelate and which modifications are known to those of skill in 
the art, 

wherein the chelating group is preferably derived from ethylene diamine tetraacetic 
acid (EDTA), diethylene triamine pentaacetic acid (DTPA), cyclohexyl 1,2-diamine 
tetraacetic acid (CDTA), ethyleneglycol-0,0'-bis(2-aminoethyl)-N,N,N',N'-diacetic acid 
(HBED), triethylene tetraamine hexaacetic acid (TTHA), 1, 4,7,1 0-tetraazacyclododecane- 
NJM*,N",N'"-tetraacetic acid (DOTA), l,4,7-triazacyclononane-N,N'J^^"-triacetic acid 
(NOTA), 1,4,8, 11 -tetiaazacyclotetradecane-NJ«J',N",N"'-tetraacetic acid (TETA) or a 
compound with a general formula 



PG Z 

vs^erein 

PG is a sulfur protecting group selected from alkanoyl, arylcarbonyl, arylalkanoyl, 
acetamidomethyl, tetrahydropyranyl and tetrahydroftiranyl, 

Y', Y", and Y'" are hydrograi or oxygen with the proviso that at least one of them is an 

, Ri and R2 are hydrogen or alkyl (C1-C3), 

X = NH or S with the proyiso that Y" is hydrogen when X is S, 
ZisPGifXisS,and 

Z is hydroxyalkyl, aminoalkyl or carboxyalkyl. 

Throughout this disclosure, the dyes and therapeutics which can be used for CM 
include, but are not limited to, the following: 
Visible dyes: 

Fluorescein 

Fluorescein isothiocyanate (FITC) 





Rl-N 



N-R2 
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Naphthofluorescein 
Rhodamine derivatives 
Texas Red 

Hydroxycoumarin 
Infrared dyes: 

Indocyanine Green (ICG) 

Bis-propanoic acid cyanine 
Photodynamic therapy dyes/photosensitizers: 

Acridines (acridine orange, acridine yellow, proflavin, etc.) 

Thiazines (methylene blue, azure C, toluidine blue) 

Xanthenes (fluorescein, rose Bengal) 

Phenazines (neutral red) 

Porphyrins 

Naphthalimide 
Cancer Drugs: 

Tamoxifen 

Adriamycin 

Phillotoxins 

Taxol and analogs 

Bleomycin 

Doxorubicin 

Etoposide 

Methotrexate 

Vinblastine and analogs 

Dicarbazine - - 

Actinomycin D 

The invention will now be described in greater detail with reference to the following 
specific Examples, which are offered by way of illustration and are not intended to limit the 
invention in any manner. Standard techniques well known in the art or the techniques 
specifically described below are utilized. 
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Example 1 

Peptide Synthesis 

All the linear peptides in the study were prepared by solid phase peptide synthesis 
employing a Fmoc[9-fluorenylmethoxycarbonyl] strategy. All the amino acids were 
purchased commercially. 

In all the following examples, m all the resm bound peptides, the side chains of the 
individual amino acids have protecting groups unless otherwise stated. 

Example 2 

(M)a-NH-{CH2)k-(jH-(CH2),-O0-MHM)„-M3-NH-(CH2)k-CjHKCH2)rC0-^^ 

(CH2)n (^"2)p 

p CHz 

I I 
(CH2)rf CHrCHz— {CH2)^-Q-(CH2)^-N^ 

CM 

Somatostatins: 

(AA)a is Phe, Tyr, an isomer of Tyr, polyhydroxylated Phe, or aromatic amino acids, 
wherein the amino acid can have an L- or D- configuration; 
15 k is 1,2 or 3; 

1 is 1, 2 or 3; 

AA2 is Phe, Tyr, an isomer of Tyr, polyhydroxylated Phe, or aromatic amino acids, 
viierein the amino acid can have an L- or D- configuration; 

' (AAV is a dipeptide sequence consisting of DTrp-Lys, DTrp-Om, DTrp-Dab, DTrp- 
20 4-piperidinylglycine, DTip-4-pipCTi.dinylalanine, .DTrp-4-aminomethylcyclohexylalanine, 
DTip-4-aminomethylcyclohexylglycine, DTrp-4-ammocyclohexylalanine, DTrp-4- 
aminocyclohexylglycine. DTrp can be substituted by L-Trp; 
AA3 is any amino acid; 
(AA)b is none, serine or threonine; 
25 R is hydrogen or C1-C5 linear or branched chain alkyl groups bearing -OH at any 

location; 



wo 02/20610 



PCT/USOl/27708 



-15- 

E is COOH, CH2-OH, CONH2. COOR4 or CONHOH wherein R4 is hydrogen or Cr 
C5 linear or branched chain alkyl groups; 
nis 1,2 or 3; 
P is none, O or S; 
5 n' is 1-7; 

pis 1-6; 

p' is 1-6; 

p'* is 1-6; 

Q is none, O or S; 

10 CM is a dye, a therapeutic agent, or a chelating moiety or metal binding site wherein 

the chelating moiety is labeled with a metal isotope selected from ^^""Tc, ^^^Pb, ^^Ga, ^^^In, 
^^Ru, ^^Cu, ^Cu, ^«^Re, ^««Re, ^^^Sn, ^^^Tb, ^^^Sm, ^^^o, ^*^^Rh, ^^^Lu or a radioactive 
halogen isotope on the understanding that 

i) if the label is a metal isotope, CM represents a chelating group suitable for the 
15 metal and 

ii) if the label is a radioactive halogen isotope, the halogen is attached to an aromatic 

ring, 

wherein the CM is attached directly or through a spacing group to the peptide, said 
CM being attached to the amine through an amide or urea bond or by any other modification 
20 which allows attachment of a chelate and which modifications are known to those of skill in 
the art, 

wherein the chelating group is preferably derived firom ethylene diamine tetraacetic 
acid (EDTA), diethylene triamine pentaacetic acid (DTPA), cyclohexyl 1,2-diamine 
tetraacetic acid (CDTA), ethyleneglycol-0,0'-bis(2-aminoethyl)-N,N,N*,N'-diacetic acid 
25 (HBED), triethylene tetraamine h&xaacetic acid (TTHA), 1, 4,7,1 0-tetraazacyclododecane- 
N,N',N",N" -tetraacetic acid (DOTA), 1 ,4,7-triazacyclononane-N,N',N"-triacetic acid 
(NOTA), 1,4,8,1 l-tetraazacyclotetradecane-N,N*,N",N"*-tetraacetic acid (TETA) or a 
compound with a general fomiula 
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Y" 



Rl-N N-R2 



PG Z 



16 



wherein 

PG is a sulfur protecting group selected from alkanoyl, arylcarbonyl, arylalkanoyl, 
5 acetamidomethyl, tetrahydropyranyl and tetrahydrofiiranyl, 

Y' , Y", and Y" are hydrogen or oxygen with the proviso that at least one of them is an 

O. 

Ri and R2 are hydrogen or alkyl (C1-C3), 
X = ^fH or S with the proviso that Y"' is hydrogen when X is S, 
10 ZisPGifXisS,and 

Z is hydroxyalkyl, aminoalkyl or carboxyalkyl. 



« 
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tBoc-DPh©-AGIy-Tyr-DTrp-Lys-Thr-Dab(Dde)-Thr-0-RESIN 
tBoc-DPhe-AGIy-Tyr-DTrp-Lys-Thr-Dab-Thr-O-RESIN 



NH-S02-C6H4-N02(o) 
tBoc-DPhe-AGIy-Tyr-DTrp-Lys-Thr-Dab-Thr-O-RESIN 



CH2=CH-CH2 — N — S02-C6H4-N02(oj 
tBoc-DPhe-Glv-Tyr-DTrp-Lys-Thr-Dab-Thr-O-RESIN tBoc-DPhe-Gly-Tyr-DTrp-Lys-Thr-Dab-Thr-O-RESI 



T 



CHo CHo 

I I 

CH=CH-CH2-N-H2C 
I 

0-NQ2-C6H4-O2S 



r 



CHo CHo 

I I 

CH=CH-CH2-N-H2C 
I 

H 



tSoc-DPhe-G 



y-Tyr-DTip-Lys-Thr-Dab-Thr-O-RESIN 



CHo CHo 

I I 

CH=CH-CH2-N-H2C 
I 

DTPA 



DPhe-Gly-Tyr-DTrp-Lys-Thr-Dab-Thr-OH 



CH2 
I 

CH= 



GH2 

I 

:CH-GH2-N-H2C 



DPhe-Gly-Tyr-DTrp-Lys-Thr.Dab-Thr-OH 
CHo CHo 

I I 

CH2 — CH2-CH2"N-H2C 



DTPA 



DTPA 
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Step 1 : The protected peptide was assembled in an automated synthesizer according to the 
Fmoc-strategy. The resin (Wang) bound peptide was shaken with 2% hydrazine (2 mL 
hydrazine per 50 mg of resin) for 30 minutes to remove the Dde protecting group, followed 
by protection of the side chain amino group with o-nitrobenzenesulfonyl group (NBS) using 
commercially available o-nitrobenzenesulfonyl chloride in the presence 
diisopropylethylamine (DBBA). 

Step 2 : The resin, tBoc-DPhe*AGly^,Tyr^,Dab'(P-o-NBS)-Octreotate-Resin (55 mg, 10 
Uraol peptide content, 0.18 mmol/g) was suspended in a solution of 1 mL of methylene 
chloride CH2CI2 containing 52 mg of triphenyl phosphine (PhsP) (0.2 mmol; 20 Xs.) 34 \ih of 
diethylazodicarboxylate (DEAD) (0.2 mmol; 20 Xs.). After vigorous shaking for a few 
minutes, allyl alcohol (20 fold excess) was added. After vortexing for overnight, the resin 
was filtered, washed with 5 mL of methylene chloride and dried. In similar reactions, the 
resin-bound peptide was alkylated with 3-butenol, 4-pentenol, 5-hexenol or allyloxyethanol. 
In each case, a small amount of the peptide was cleaved from the resin and assayed to ensure 
complete alkylation. 

Step3 : 50 mg of the resin (25 ^imole peptide) was suspended in 5 mL of metiiylene chloride 
containing 20 mg of Grubbs' catalyst. The mixture was heated at 40°C for 10-15 hours. At 
flie end of the reaction, the resin was removed by filtration and washed with methylene 
chloride and THF (tetrahydrofiiran). 

Step 4 : The resin (250 mg; 0.18 mmol/g) containing the previotisly made peptide of step 3 
was suspended in 3 mL of DMF (dimethylformamide). To this suspension, 200 \iL of DBU 
and 200 ^L of mercaptoethanol was added and shaken for 7 hours. 

Step 5 : A solution of tri-t-butyl-DTPA anhydride (56 mg; 0.1 mmol) in 200 pL of DMF was 
activated with 0.5 mL of HOBt-HBTU (200 mM) solution for 1 hour and added to 140 mg 
(50 iimol of the peptide) of the above resin. The suspension was shaken for overnight and 
filtered. The resin was washed with DMF and 10 mL of THF. 

Step 6 : The resin was deprotected using 250 \iL of TFA:phenol:thioanisole:water (85:5:5:5) 
overnight. The crude peptide was precipitated using 10 mL of MeOtBu. After centrifiigation, 
the mixture was washed vwth 4 X 10 mL of dissolved in MeOtBu. The mixture was taken up 
in 2 mL of 2:3 acetonitrile:water, shaken in a vortex mixer and the resin was removed by 
filtration. The filtrate was lyophilized to obtain tiie peptide. 
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Step 7 : The compound (~6 mg) was dissolved in 8 mL of MeOH:H20 (0.001 M HCl) (1:1). 
The solution was hydrogenated in the presence of 1-2 mg of PtCb (Adams' catalyst) for 10-12 
hours. Catalyst was filtered and the solution was evaporated to dryness. The residue was 
dissolved in 1-2 mL of water and evaporated and the process was repeated two more times. 
5 The residue was dissolved in water and lyophilized to obtained the product. 

Example 3 

Somatostatins 

(AA)a is Phe, Tyr, an isomer of Tyr, polyhydroxylated Phe or aromatic amino acids, 
10 wherein the amino acid can have an L- or D- configuration; 

(M)a-NH-(CH2)k-CHHCH2)rCO-M2-(M)m-M3-NH-(CH2)k-CH-(CH2}rCa(M) 

(CH2)n (CH2)p 

p NH 
I I 
(CH2)rf CH2-CH2-{CH2)p.-CH-(CH2)p.-C=0 

NH-CM 

k is 1,2 or 3; 
lis 1,2 or 3; 

AA2 is Phe, Tyr, an isomer of Tyr, polyhydroxylated Phe or aromatic amino acids, 
wherein the amino acid can have an L- or D- configuration; 
15 (AA)m is a dipeptide sequence consisting of DTrp-Lys, DTrp-Om, DTrp-Dab, DTrp- 

4-piperidinylglycme, DTrp-4-piperidinylalanine, DTrp-4-aminomethylcyclohexy-laIanine, 
DTrp-4-aminomethylcyclohexylglycine, DTrp-4-ammocyclohexylalanine, DTrp-4- 
aminocyclohexylglycine and DTrp can be substituted by L-Trp; 
AA3 is any amino acid; - . 
20 (AA)b is none, serine or threonine; 

R is hydrogen or C1-C5 linear or branched chain alkyl groups bearing -OH at any 

location; 

E is COOH, CH2-OH, CONH2. COOR4 or CONHOH wherein R4 is hydrogen or Cp 
C5 linear or branched chain alkyl groups; 
25 nisi, 2 or 3; 

P is none, O or S; 
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n' is 1-7; 
p is 1-6; 
p' is 1-6; 
p" is 1-6; 

CM is a dye, a therapeutic agent, or a chelating moiety or metal binding site wherein 
the chelating moiety is labeled with a metal isotope selected from ''""Tc, ^°^Pb, ^^Ga, "*In, 
''Ru, "Cu. ^Cu, ^"'^Re, '^^Re, '^^Sn, '^''Tb. '"Sm. '^^o. '°^Rh, "^Lu or a radioactive 
halogen isotope on the understanding that 

i) if the label is a metal isotope, CM represents a chelating group sviitable for the 
metal and " " - 

ii) if the label is a radioactive halogen isotope, the halogen is attached to an aromatic 

ring, 

wherein the CM is attached directly or through a spacing group to the peptide, said 
CM being attached to the amine through an amide or urea bond or by any other modification 
which allows attachment of a chelate and whidi modifications are known to those of skill in 
the art, 

wherein the chelating group is preferably derived from ethylene diamine tetraacetic 
acid (EDTA), diethylene triamine pentaacetic acid (DTP A), cyclohexyl 1,2-diamine 
tetraacetic acid (CDTA), ethylenegIycol-0,0'-bis(2-aminoethyl)-N,N,N',N'-diacetic acid 
(HBED), triethylene tetraamine hexaacetic acid (TTHA), 1,4,7,1 0-tetraazacyclododecane- 
N,N',N",N'"-tetraacetic acid (DOTA), l,4,7-triazacyclononane-N,N',N"-triacetic acid 
(NOTA), 1,4,8,1 l-tetraazacyclotetradecane-N,N',N",N"'-tetraacetic acid (TETA) or a 
compound with a general formula 




PG Z 
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wherein 

PG is a sulfur protecting group selected from alkanoyi, arylcarbonyl, arylalkanoyl, 
acetamidomethyl, tetrahydropyranyl and tetrahydrofuranyl, 

y, Y", and V" are hydrogen or oxygen with the proviso that at least one of them is an 

O. 

Ri and R2 are hydrogen or alkyl (C1-C3), 

X = NH or S with the proviso that Y'" is hydrogen when X is S, 

Zis PGifXis S,and 

Z is hydroxyalkyl, aminoalkyl or carboxyalkyl. 
tBoc-DPhe-AGIy-Tyr-DTrp-Lys-Thr-Dab(Dde)-Thr-0-RESIN ^ ^ 

tBoc-DPhe^AGIy-Tyr-DTrp-Lys-Thr-Dab-Thr-O-RESIN 

I 2 ^ 
Fmoc-AGIy-CO-HN ► 



tBoc-DPhe-Gy-Tyr-DTip-Lys-Thr-Dab-Thr-O-RESIN 

GH2 NH 
I I 
CH=CH-CH2-CH-0C 

Fmoc-HN 



tBoc-DPhe-Gy-Tyr-DTrp-Lys-Thr-Dab-Thr-O-RESIN 

CH2 NH 
I .1 
CH=CH-CH2-CH-0G 
I 

DTPA-HN 



DPhe-G y-Tyr-DTrp-Lys-Thr-Dab-Thr-OH 

CH2 NH 
I I 
CH=CH-CH2-CH-0C 

1 

DTPA-HN 



DPhe-Gly-Tyr-DTfp-Lys-Thr-Dab-Thr-OH 

I |P 
CH2 NH . 

I I 
CH2-CH2-CH2-CH-OC 

DTPA-HN 
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Step 1 : The protected peptide was assembled in an automated synthesizer according to the 
Fmoc-strategy. The resin bound peptide was shaken with 2% hydrazine (2 mL per 50 mg 
resin) for 30 minutes to remove the Dde protecting group, followed by reaction with Fmoc-L- 
allylglycine activated ester (4 fold excess) to give the product. 

Step 2 : 50 mg of the resin (25 |4mole peptide) was suspended in 5 mL of methylene chloride 
containing 20 mg of Grubbs' catalyst. The mixture was heated at 40*0 for 10-15 hours. At 
the end of the reaction, the resin was removed by filtration and washed with methylene 
chloride and THF. 

Step 3 : The resin was shaken with 1:1 piperidine:DMF (1 mL per 50 mg resin) for 1 hour. 
After the resin was filtered it was washed with THF and dried. A solution of tri-t-butyl- 
DTPA anhydride (56 mg; 0.1 mmol) in 200 \iL of DMF was activated with 0.5 mL of HOBt- 
HBTU (200 mM) solution for 1 hour and added to 140 mg (50 [uaol of the pq>tide) of the 
above resin. The suspension was shaken for overnight and filtered. The resin was washed 
with DMF and 10 mL of THF. 

Step 4 : The resin was deprotected using 250 ^L of TFA:phenol:thioanisole:water (85:5:5:5) 
overnight. The crude peptide was precipitated using 10 mL of MeOtBu. . After centrifiigation, 
the mixture was washed with 4 X 10 mL of MeOtBu. The mixture was taken up in 2 mL of 
2:3 acetonitrile:water, shaken in a vortex mixer and the resin was removed by filtration. The 
filtrate was lyophilized to obtain the peptide. 

Step 5 : The compound (~5 mg) was dissolved in 10 mL of MeOH:H20 (O.OOIM HCl) (1:1). 
The solution was hydrogenated in the presence of 1-2 mg of PtCb (Adams' catalyst) for 10-12 
hours. Catalyst was filtered and the solution was evaporated to dryness. The residue was 
dissolved in 1-2 mL of water and evaporated and the process was repeated two more times. 
The residue was dissolved in water and lyophilized to obtained the product. 

Example 4 

CM-{M)a-NH-(CH2)k-C|H-(CH2),-CO-M2-(M)„,-M3-NH-(CH2)k-C|i-^ 
(CH2)n-P-(CH2)rf-CH2 CH2-(CH2)^Q-(CH2)p 

AA, AA2, AA3 = natural and unnatural amino acids; this includes a-, p- and y- 
aminoacids and L- and D- aminoacids; 



wo 02/20610 



PCT/USOl/27708 



-23- 

a, b = 0-10; 
k, 1 = 0-5; 
m = 0-20; 
n,n'. =1-10; 

5 P, Q is none, O. S, COO, NH-CO, NR, N-CH(=hfH)- NHa, NH-CO-NH, NH-COO; 

R is hydrogen or C1-C5 linear or branched chain alkyl groups bearing -OH at any 
location; 

p,p' =0-10; 

E is a group of formula COOR4, CH2OR5, CON(R«)OH, CON(R7)(R8) wherein 
1® R4 is hydrogen or C1-C5 linear or branched chain alkyl groups, 

R5 is hydrogen or physiologically acceptable, physiologically hydrolyzable ester, 
R« is hydrogen or C1-C5 linear or branched chain alkyl groups, 
R7, Rg is hydrogen or C1-C5 linear or branched chain alkyl groups or taken together 
form a cyclic alkyl groiq> C3-C10; 
15 CM is a dye, a therapeutic agent, or a chelating moiety or metal binding site wherein 

the chelating moiety is labeled with a metal isotope selected from ^"^c, ^°^Pb, *"Ga, '"in, 
^'Ru, "Cu, "Cu. •^"Re, '^Y, ^^'Sn, '"Tb, '"Sm, '«Ho, '"^Rh, '^'Lu or a radioactive 

halogen isotope on the understanding that 

i) if the label is a metal isotope, CM represents a chelating group suitable for the 
20 metal and 

ii) if the label is a radioactive halogen isotope, the halogen is attached to an aromatic 

ring, 

^ wherein the CM is attached directly or through a spacing group to the peptide, said 
CM being attached to the amine through an amide or urea bond or by any other modification 
25 which allows attachment of a chelate .and which modifications are known to those of skill in 
the art, 

wherein the chelating group is preferably derived from ethylene diamine tetraacetic 
acid (EDTA), diethylene triamine pentaacetic acid (DTPA), cyclohexyl 1,2-diamine 
tetraacetic acid (CDTA), ethyleneglycol-0,0'-bis(2-aminoethyl)-N,N,N',N*-diacetic acid 
30 (HBED), triethylene tetraamine hexaacetic acid (TTHA), 1, 4,7,1 0-tetraazacyclododecane- 
N,N',N",N"*-tetraacetic acid (DOTA), 1 ,4,7-triazacyclononane-N J^',N"-triacetic acid 
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(NOTA), 1,4,8,1 l-tetraazacyclotetradecane-N,N',N",N"'-tetraacetic acid (TETA) or a 
compound with a general formula 




PG Z 



wherein 

PG is a sulfur protecting group selected from alkanoyl, arylcarbonyl, arylalkanoyl, 
acetamidomethyl, tetrahydropyranyl and tetrahydrofuranyl, 

Y', Y", and Y'" are hydrogen or oxygen with the proviso that at least one of them is an 

O, 

Ri and R2 are hydrogen or alkyl (C1-C3), 

X = NH or S with the proviso that Y'" is hydrogen when X is S, 

ZisPGifXisS,and 

Z is hydroxyalkyl, aminoalkyl or carboxyalkyl 
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Fmoc-DPhe-AGIy-Tyr-DTrp-Lys-Thr-Glu(y-OAII)-Thr-0-RESIN 
Fmoc-DPhe-GI|-Tyr-DTrp-Lys-Thr-GI|-Thr-0-RESIN 

CH2 (CH2)2 

CH=CH-CH2-0-0C 
DPhe-Gljy-Tyr-DTrp-Lys-Thr-G|y-Thr-0-RESIN 

CH2 {CH2)2 

CH=CH-CH2-0-0C 
DTPA-DPhe-Gly-Tyr-DTrp-Lys-Thr-Gly-Thr-O-RESIN 



4 ^ 



CH2 (CH2)2 

CH=CH-CH2-0-0C 
DTPA-DPhe-Gy-Tyr-DTrp-Lys-Thr-Gly-Thr-OH 

CH2 (CH2)2 

CH2 — CH-CH2-O-OC 

Step 1 : 500 mg of the resin (90 pnole peptide) was suspended in 22 mL of methylene 
chloride containing 90 mg of Grubbs' catalyst. The mixture was heated at 40°C for 10 hours. 
5 At the end of the reaction, the resin was ranoved by filtration and washed with methylene 
thloride and THF. 

Step 2 : The resin containing the cyclic product was treated with 5 mL of 1:1 piperidine:DMF 
for 30 minutes and filtered. The resin was washed with DMF and 10 mL of anhydrous THF 
and dried. 

10 Step 3 : A solution of tri-t-butyl-DTPA anhydride (112 mg; 0.2 mmol) in 200 nL of DMF 
was activated witii 1 mL of HOBt-HBTU (200 mM) solution for 1 hour and added to 277 mg 
(50 jmiol of the peptide) of tiie above resin. The suspension was shaken for overnight and 
filtered. The resin was washed with DMF and 10 mL of THF. 
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Step4 : The resin (9 nmole; 50 mg; 0.18 mmol/g) was suspended in a solution of 1 mL of 
DMF containing 30 mg (180 nmole) of p-fluorobenzenesulfonylhydrazide and heated at 
IS^C for 6 hours. The resin was filtered, washed successively with 5 mL each of DMF and 
THF and dried. The deprotections were accomplished by using 250 jiL of 
5 TFA:phenol:thioanisole:water (85:5:5:5) overnight. The crude peptide was precipitated using 
10 mL of MeOtBu. After centrifiigation, the mixture was washed with 4 X 10 mL of 
MeOtBu. The mixture was taken up in 2 mL of 2:3 acetonitrile: water, shaken in a vortex 
mixer and the resin was removed by filtration. The filtrate was lyophilized to obtain the 
peptide. 

10 In a similar fashion, the following reactions were performed illustrating the use of 

these reactions to form a macrocycle containing two ester bonds (i.e., both P and Q are 
esters). Only some of the reaction steps are shown and are described below. Addition of a 
dye, therapeutic agent or chelating moiety can be performed as described above. This 
illustrates the generality of the reactions. 
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1 



Fmoc-DAsp-Tyr-Glu(y-OAII)-Gly-Trp-6lu(y-OAII)-Asp-Phe-NH-RESIN 
Fmoc-DAsp-Tyr-(|lu-Gly-Trp-Glu-Asp-Phe-NH-RESIN 

(CH2)2 (CH2)2 

CO CO 2 

I 



0 0 

1 I 

CHo CHo 

I I 

CH: CH 
DAsp-Tyr-GIu-Gly-Trp-Glu-Asp-Phe-NH-RESIN 



(CH2)2 {CH2)2 

CO CO 3 

I I. — ^ 

0 O 

1 I 

CHo CHo 

I I 

CH CH 

DAsp-Tyr-Glu-Gly-Trp-Glu-Asp-Phe-NH-RESlN 



(CH2)2 (CH2)2 

CO CO 

I I 

0 0 

1 I 

CHo CHo 

I I 

CH2 CH2 



Step 1 : 500 mg of the resin (90 fomole peptide) was suspended in 22 mL of methylene 
chloride containing 90 mg of Grubbs' catalyst. The mixture was heated at 40^*0 for 10 hours. 
At the end of the reaction, the resin was removed by filtration and washed with methylene 
chloride and THF. 

Step 2 : The resin containing the cyclic product was treated with 5 mL of 1 :1 piperidine:DMF 
for 30 minutes and filtered. The resin was washed with DMF and 10 mL of anhydrous THF 
and dried. 
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Step 3 : The resin (9 nmole; 50 mg; 0.18 mmoyg) was suspended in a solution of 1 mL of 
DMF containing 30 mg (180 nmole) of p-fluorobenzenesulfonylhydrazide and heated at 
75°C for 6 hours. The resin was filtered, washed successively with 5 mL each of DMF and 
THF and dried. The deprotections were accomplished by using 250 nL of 
5 TFA:phenol:thioanisoIe:water (85:5:5:5) overnight. The crude peptide was precipitated usmg 
10 mL of MeOtBu. After centrifugation, the mixture was washed with 4 X 10 mL of 
MeOtBu. The mixture was taken up in 2 mL of 2:3 acetonitrile:water, shaken in a vortex 
mixer and the resin was removed by filtration. The filtrate was lyophilized to obtain the 
peptide. 

10 

While the invention has been disclosed in this patent application by reference to the 
details of preferred embodiments of the invention, it is to be understood that the disclosure is 
intended m an illustrative rather than in a luniting sense, as it is contemplated that 
modifications will readily occur to those skiUed in the art, withm the spirit of the mvention 
15 and the scope of the appended claims. 



wo 02/20610 



PCT/USOl/27708 



-29- 



WHAT IS CLAIMED IS : 



A peptide of formula 



(M)a-NH-(CH2)k-CH-{CH2)rCO-M2-(M)n,-M3.NH.^^ 



AA, AA2, AA3 are natural or imnatural amino acids comprising a-, p- and y- 

aminoacids and L- and D- aminoacids; 

a,b -0^10; 

k, 1 = 0-5; 

m = 0-20; 

n,n' =1-10; 

P is none, O, S, COO, NH-CO, NR, N-CH(=NH)-NH2, NH-CO-NH, NH-COO; 

R is hydrogen or Ci-Cs linear or branched chain alkyl groups bearing -OH at any 

location; 

p,p',p-=0-10; 

Q is none, O, S, COO, NH-CO, NR, N-CH(=NH)-NH2; 

E is a group of formula COOR4, CH2OR5, C0N(R6)0H or CON(R7)(R8) wherein 
R4 is hydrogen or C1-C5 linear or branched chain alkyl groups, 
R5 is hydrogen or physiologically acceptable, physiologically hydrolyzable 
ester, 

' Re is hydrogen or C1-C5 linear or branched chain alkyl groups, 

R7, Rg is hydrogen or iUa-Cs linear or branched chain alkyl groups or taken 
together form a cyclic alkyl group C3-C10; and 

R9 is H, a dye, a therapeutic agent, a chelating moiety or a metal binding site. 

2. The peptide of claim 1 wherein said chelating moiety or metal binding site is CM and 
CM is labeled with a metal isotope selected from ^"*Tc, ^^^Pb, ^^Ga, ^"in, ^^Ru, ^^Cu, 



(CH2), 




(CH2)rf CH2-CH2 — (CH2)p-Q-(CH2)^N 




wherein 
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^Cu, ^^^Re, ^^^Re, ^^^Sn, ^^^Tb, '^^Sm, *^^Ho, '^^Rh, ^'^Lu or a radioactive 
halogen isotope on the understanding that 

i) if the label is a metal isotope, CM represents a chelating group suitable for the 
metal and 

ii) if the label is a radioactive halogen isotope, the halogen is attached to an aromatic 
ring, 

wherein the CM is attached directly or through a spacing group to the peptide, said 
CM being attached to the amine through an amide or urea bond or by any other 
modification which allows attachment of a chelate and which modifications are 
knownto those of skill in the art, _ ...... _ . 

wherein the chelating group is preferably derived from ethylene diamine tetraacetic 
acid (EDTA), diethylene triamme pentaacetic acid (DTPA), cyclohexyl l,2.diamine 
tetraacetic acid (CDTA), ethyleneglycol-0,0'-bis(2-aminoethyl)-N,NJ>I',N'-diacetic 
acid (HBED), triethylene tetraamine hexaacetic acid (TTHA), 1,4,7,10- 
tetraazacyclododecane-N,N'Jsf",lSP"-tetraacetic acid (DOTA), 1,4,7-triazacyclononane- 
N,N',N"-triacetic acid (NOTA), 1,4,8,1 l-tetraazacyclotetradecane-N,N*JM",N'"- 
tetraacetic acid (TETA) or a compound with a general formula 




PG Z- 



wherein 

PG is a sulfur protecting group selected from alkanoyl, arylcarbonyl, arylalkanoyl, 
acetamidomethyl, tetrahydropyranyl and tetrahydrofuranyl, 

T, Y", and Y'" are hydrogen or oxygen with the proviso that at least one of them is an 
O, 

Ri and R2 are hydrogen or alkyl (C1-C3), 
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X = NH or S with the proviso that Y"' is hydrogen when X is S, 
Zis PG ifXis S, and 

Z is hydroxyalkyl, aminoalkyl or carboxyalkyl. 

3. The peptide of claim 1 wherein said dye is selected from the group consisting of 
fluorescein, fluorescein isothiocyanate, naphthofluorescein, rhodamine derivatives, 
Texas Red, hydroxycoumarin, indocyanine green, bis-propanoic acid cyanine, 
acridines, thiazines, phenazines, porphyrins and naphthalimide. 

4. The peptide of claim 1 wherein said therapeutic agent is selected from the group 
consisting of tamoxifen, adriamycin, phillotoxins, taxol, taxol analogs, bleomycin, 
doxorubicin, etoposide, methotrexate, vinblastine, vinblastine analogs, dicarbazine 
and actinomycin D. 

5. The peptide of claim 1 wherein said peptide is a derivative of: somatostatin, gastrin, 
gastrin releasing peptide, bombesin, a bombesin antagonist, a gastrin releasing 
peptide, an adhesion peptide, cholecystokinin, a neurotensin, neuropeptide Y, a 
vasoactive intestinal peptide, thyroid stimulating hormone, angiotensin, pancreatic 
adenylate cyclase activating peptide or substance P. . 

6. A peptide of formula 
(M)a-NH-(CH2)K-CH-{CH2)rCO-M2-(M)m-M3-NH-^ 

(CH2)n {CH2)p 
P NH 

r - I 

(CH2)rf CH2-CH2-(CH2)p-CH-{CH2)p-C=0 

wherein 

AA, AA2, AA3 are natural or unnatural amino acids comprising a-, p- or y- 
aminoacids, and L- or D- aminoacids; 
a,b =0-10; 
k,l =0-5; 
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m = 0-20; 
n,n' =1-10; 

P is none, O, S, COO, NH-CO, NR, N-CH(=NH)-NH2, NH-CO-NH, NH-COO; 

R is hydrogen or C1-C5 linear or branched chain alkyl groups bearing -OH at any 

location; 

p.p'.p"=0-10; 

E is a groiq) of formula COOR4, CH2OR5, CON(R6)OH or CON(R7)(R8) wherein 
R4 is hydrogen or C1-C5 linear or branched chain alkyl groups, 
Rs is hydrogen or physiologically acceptable, physiologically hydrolyzable 
ester, 

R« is hydrogen or C1-C5 linear or branched chain alkyl groups, 
R7.R8 is hydrogen or C1-C5 linear or branched chain alkyl groups or taken 
together form a cyclic alkyl group C3-C10; and 

R9 is H, a dye, a therapeutic agent, a chelating moiety or a metal binding site. 

7. The peptide of claim 6 wherein said chelating moiety or metal binding site is CM and 
CM is labeled with a metal isotope selected from ^^Tc, ^^^pb, ^'Oa, '"in, "'Ru, ^^Cu, 
"Cu, '"Tie. ''*Re, '"Y, *^'Sn, '"Tb, '^^Sm, '''^Ho, '°^Rh, "'Lu or a radioactive 
halogen isotope on fhe understanding that 

i) if the label is a metal isotope, CM represents a chelating group suitable for the 
metal and 

ii) if the label is a radioactive halogen isotope, the halogen is attached to an aromatic 

ring, 

wherein the CM is attached directly or through a spacing group to the peptide, said 
CM being attached to the amine through an amide or urea bond or by any other 
modification which allows attachment of a chelate and which modifications are 
known to those of skill in the art, 

wherein the chelating group is preferably derived &om ethylene diamine tetraacetic 
acid (EDTA), diethylene triamine pentaacetic acid (DTPA), cyclohexyl 1,2-diamine 
tetraacetic acid (CDTA), ethyleneglycol-0,0'-bis(2-aminoethyI)-N,N,N',N'-diacetic 
acid (HBED), triethylene tetraamine hexaacetic acid (TTHA), 1,4,7,10- 
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tetraazacycloclodecane-N,N*,N",N" -tetraacetic acid (DOTA), 1,4,7-triazacyclononan^- 
N,N^N"-triacetic acid (NOTA), 1,4,8,1 l-tetraazacyclotetradecaiie-N,N',N"J4" - 
tetraacetic acid (TETA) or a compound with a general formula 



Y' 




PG Z 



wherein 

PG is a sulfur protecting group selected from alkanoyl, arylcarbonyl, arylalkanoyl, 
acetamidomethyl, tetrahydropyranyl and tetrahydrofuranyl, 

Y', Y", and Y'" are hydrogen or oxygen with the proviso that at least one of them is an 

Ri and R2 are hydrogen or alkyl (C1-C3), 

X = NH or S with the proviso that Y'" is hydrogen when X is S, 

Zis PGifXis S, and 

Z is hydroxyalkyl, aminoalkyl or carboxyalkyl. 

8. The peptide of claim 6 wherein said dye is selected from the group consisting of 
fluorescein, fluorescein isothiocyanate, naphthofluorescein, rhodamine derivatives, 
Texas Red, hydroxycoumarin, mdocyanine green, bis-propanoic acid cyanine, 
acridines, thiazines, phenazines, porphyrins and naphthalimide. 

9. The peptide of claim 6 Avherein said therapeutic agent is selected from the group 
consisting of tamoxifen, adriamycin, phillotoxins, taxol, taxol analogs, bleomycin, 
doxorubicin, etoposide, methotrexate, vinblastine, vinblastine analogs, dicarbazine 
and actinomycin D. 
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10. The peptide of claim 6 wherein said peptide is a derivative of: somatostatin, gastrin, 
gastrin releasing peptide, bombesin, a bombesin antagonist, a gastrin releasing 
peptide, an adhesion peptide, cholecystokinin, a neurotensin, neuropeptide Y, a 
vasoactive intestinal peptide, thyroid stimulating hormone, angiotensin, pancreatic 
adenylate cyclase activating peptide or substance P. 

11. A peptide of formula 

A^-(M)a-NH-(CH2)k-CH'(CH2)rCO-M2-(M^ 

(CH2)n-P-{CH2)rf-CH2 CH2-(CH2)p-Q-(CH2)p 

wherein 

AA, AA2, AA3 are natural and unnatural amino acids comprising a-, p- or y- 

aminoacids and L- and D- aminoacids; 

a,b =0-10; 

k, 1 = 0-5; 

m = 0-20; 

n,n' =1-10; 

P, Q is none, O, S, COO, NH-CO, NR, N-CH(«NH)- NH2, NH-CO-NH, NH-COO; 
R is hydrogen or Ci-Cs linear or branched chain alkyl groups bearing -OH at any 
location; 
, p,p' =0-10; 

E is a group of formula COOR4, CH2OR5, C0N(R6)0H or CON(R7)(R8) wherein 
R4 is hydrogen or CrC^ linear or branched chain alkyl groups, 
R5 is hydrogen or physiologically acceptable, physiologically hydrolyzable 
ester, 

R^ is hydrogen or C1-C5 linear or branched chain alkyl groups, 
R7^R« is hydrogen or C1-C5 linear or branched chain alkyl groups or taken 
together form a cyclic alkyl group C3-C10; and 
R9 is H, a dye, a therapeutic agent, a chelating moiety or a metal binding site. 
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The peptide of claim 1 1 wherein said chelating moiety or metal binding site is CM 
wherein CM is labeled with a metal isotope selected from ^^""Tc, ^°^Pb, ^^Ga, ^^^In, 



^Ru, ^^Gu, ^Cu, ^«^Re, ^««Re, ^^Y, ^^^Sn, ^^'Tb, '''Sm, ''^o, ^^^Rh, ^^^Lu or a 



radioactive halogen isotope on the understanding that 

i) if the label is a metal isotope, CM represents a chelating group suitable for the 
metal and 

ii) if the label is a radioactive halogen isotope, the halogen is attached to an aromatic 
ring, 

wherein the CM is attached directly or through a spacing group to the peptide, said 
CM being attached to the amine through an amide or urea bond or by any other 
modification which allows attachment of a chelate and which modifications are 
known to those of skill in the art, 

wherein the chelating group is preferably derived from ethylene diamine tetraacetic 
acid (EDTA), diethylene triamine pentaacetic acid (DTPA), cyclohexyl 1,2-diamine 
tettaacetic acid (CDTA), ethyIeneglycol-0,0'-bis(2-aminoethyl)-N,N,N*,N'-diacetic 
acid (HBED), trietiiylene tetraamine hexaacetic acid (TTHA), 1,4,7,10- 
tetraazacyclododecane-N,N',N",N'"-tetraacetic acid (DOTA), 1,4,7-triazacyclononane-. 
N,N',N"-triacetic acid (NOTA), 1,4,8,1 l-tetraazacyclotetradecane-N,N',N",N"'- 
tetraacetic acid (TETA) or a compound with a general formula 





wherein 
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PG is a sulfur protecting group selected from alkanoyl, arylcarbonyl, arylalkanoyl, 
acetamidomethyl, tetrahydropyranyl and tetrahydrofuranyl, 

Y*, Y*\ and Y"' are hydrogen or oxygen with the proviso that at least one of them is an 
O, 

Ri and R2 are hydrogen or alkyl (C1-C3), 

X = NH or S with the proviso that Y'" is hydrogen v*en X is S, 

ZisPGifXisS,and 

Z is hydroxyalkyU aminoalkyl or carboxyalkyl. 

13. The peptide of claim 11 wherein said dye is selected from the group consisting of 
fluorescein, fluorescein isothiocyanate, naphthofluorescein, rhodamine derivatives, 
Texas Red, hydroxycoiunarin, indocyanine green, bis-propanoic acid cyanine, 
acridines, thiazines, phenazines, poiphyrins and naphthalimide. 

14. The peptide of claim 11 wherein said therapeutic agent is selected from the group 
consistmg of tamoxifen, adriamycin, phillotoxins, taxol, taxol analogs, bleomycin, 
doxorabicin, etoposide» methotrexate, vinblastine, vinblastine analogs, dicarba^dne 
and actinomycin D. 

1 5. The peptide of claim 1 1 wherein said peptide is a derivative of: somatostatin, gastrin, 
gastrin releasing peptide, bombesin, a bombesin antagonist, a gastrin releasing 
peptide, an adhesion peptide, cholecystokinin, a neurotensin, neuropeptide Y, a 
vasoactive intestinal peptide, thyroid stimulating homione, angiotensin, pancreatic 

' adenylate cyclase activating peptide or substance P. 

16. A method for labeling a peptide with a dye, a therapeutic agent, a chelating moiety or 
a metal binding site to create a labeled peptide, said method comprising: 

a) synthesizing a macrocyclic ring on said peptide wherein said ring comprises a 
functional group to which said dye, therapeutic agent, chelating moiety or metal 
binding site can be attached; and 
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b) attaching said dye, therapeutic agent, chelating moiety or metal binding site to 
said peptide. 

1 7. The method of claim 1 6 wherein step (a) is performed using a metathesis reaction. 

1 8. The method of claim 1 7 wherein Grubbs' catalyst is used to catalyze the reaction. 

19. The method of claim 16 wherein said labeled peptide is selected from the group 
consisting of: 



{M)a-NH-(CH2)k-9H-(CH2)rCO-M2-(M)^-AA3-NF^^^ 



{M)a-NH-(CH2)k-CH-(CH2)rCO-M2-(M)^-M3-NH-(CH2)r^ 



CM-(M)a-NH-(CH2)k-C|H-(CH2)rCO:^ 

(CH2)n-P-(CH2)rf-CH2 CH2-{CH2)p.-Q-(CH2)p 



wherein 

AA, AA2, AA3 are natural and imnatural amino acids comprising a-, P- or y- 
aminoacids and L- and D- an^noacids; 
a,b -0-10; 




CM 



{CH2)n (9H2)p 




and 
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k, 1 = 0-5; 
m = 0-20; 
n,n' =1-10; 

P, Q is none, O, S, COO, NH-CO. NR, N-CH(=NH)- NH2, NH-CO-NH, NH-COO; 
R is hydrogen or Ci-Cs linear or branched chain alkyl groups bearing -OH at any 
location; 
p.p',p" = 0.10; 

E is a group of formula COOR4, CH2OR5, C0N(R6)0H or CONCRyXRg) wherein 
R4 is hydrogen or C1-C5 linear or branched chain alkyl groups, 
R5 is hydrogen or physiologically acceptable, physiologically hydrolyzable 
ester, 

Rg is hydrogen or C1-C5 linear or branched chain alkyl groups, 
R7,R8 is hydrogen or C1-C5 linear or branched chain alkyl groups or taken 
together form a cyclic alkyl group C3-C10; and 
CM is a chelating moiety or metal binding site wherein Has chelating moiety is labeled 
with a metal isotope selected from '^c, '°'Pb, *'Ga, ^Ku, *'Cu, ^Cu, »»'Tle, 
'**Re, '''Y, '^^Sn, "*'Tb, *"Sm, ^*^o, '°^Rh, "'Lu or a radioactive halogen isotope on 
the imderstanding that 

i) if the label is a metal isotope, CM represents a chelating group suitable for the 
metal and 

ii) if the label is a radioactive halogen isotope, the halogen is attached to an aromatic 
ring, 

wherein the CM is attached directly or through a spacing group to the peptide, said 
CM being attached to the amine through an amide or urea bond or by any other 
modiiacation which allows -attachment of a chelate and which modifications are 
known to those of skill in the art, 

wherein the chelating grovip is preferably derived from ethylene diamine tetraacetic 
acid (EDTA), diethylene triamine pentaacetic acid (DTP A), cyclohexyl 1,2-diamine 
tetraacetic acid (CDTA), ethyleneglycol-0,0'-bis(2-ammoe&yl)-N,N,N',N'-diacetic 
acid (HBED), triethylene tetraamine hexaacetic acid (TTHA), 1,4,7,10- 
tetraazacyclododecane-N,N'J^",N"'-tetraacetic acid (DOTA), 1,4,7-triazacyclononane- 
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N,N',N"-triacetic acid (NOTA), 1 ,4,8,1 1 -tetraazacyclotetradecane-N,N' Jn["JN['-"- 
tetraacetic acid (TETA) or a compound with a general fonnula 



wherein 

PG is a sulfur protectuig group selected from alkanoyl, arylcarbonyl, arylalkanoyl, 
acetanaidomethyl, tetrahydropyranyl and tetrahydrofuranyl, 

V, Y", and Y'" are hydrogen or oxygen vnUx the proviso that at least one of them is an 
O, 

Ri and R2 are hydrogen or alkyl (CrCa), 

X = NH or S with the proviso that Y"* is hydrogen when X is S, 

Zis PG ifXis S, and 

Z is hydroxyalkyl, aminoalkyl or carboxyalkyL 

20. The method of claim 16 wherein said peptide is a derivative of: somatostatin, gastrin, 
gastrin releasing peptide, bombesin, a bombesin antagonist, a gastrin releasing 

, peptide, an adhesion peptide, cholecystokinin, a neurotensin, neuropeptide Y, a 
vasoactive intestinal peptide, thyroid stimulating hormone, angiotensin, pancreatic 
adenylate cyclase activating peptide or substance P. 

2h The method of claim 16 wherein said dye is selected from fluorescein, fluorescein 
isothiocyanate, naphthofluorescein, rhodamine derivatives, Texas Red, 
hydroxycoumarin, indocyanine green, bis-propanoic acid cyanine, acridines, 
thiazines, phenazines, porphyrins and naphthalimide. 




Y" 




Ri-N 



N.R2 
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22. The method of claim 16 wherein said therapeutic agent is selected from tamoxifen, 
adriamycin, phillotoxins, taxol, taxol analogs, bleomycin, doxorubicin, etoposide, 
methotrexate, vinblastine, vinblastine analogs, dicarba2dne and actinomycin D. 

23. The method of claim 16 wherein said chelating moiety or metal binding agent is CM 



and CM is labeled with a metal isotope selected from ^^'"Tc, ^°^Pb, ^^Ga, ^^^hi, ^^Ru, 
^^Cu, ^Cu, ^«^Re, ^^«Re, ^^Y, ^^^Sn, ^^^Tb, *^^Sm, ^^^Ho, ^^^Rh, ^^^Lu or a radioactive 



halogen isotope on the understanding that 

i) if the label is a metal isotope, CM represents a chelating group suitable for the 
metal and 

ii) if the label is a radioactive halogen isotope, the halogen is attached to an aromatic 
ring, 

wherein the CM is attached directly or through a spacing group to the peptide, said 
CM being attached to the amine through an amide or urea bond or by any other 
modification which allows attachment of a chelate and which modifications are 
known to those of skill in ttie art, 

wherein the chelating group is preferably derived from ethylene diamine tetraacetic 
acid (EDTA), diethylene triamine pentaacetic acid (DTPA), cyclohexyl 1,2-diamine 
tetraacetic acid (CDTA), ethyleneglycol-0,0'-bis(2-aminoethyl)-N,N,N'J^I'-diacetic 
acid (HBED), triethylene tetraamine hexaacetic acid (TTHA), 1,4,7,10- 
tetraazacyclododecane-N,N*,N",N" -tetraacetic acid (DOTA), 1,4,7-triazacyclononane- 
N,N',N"-triacetic acid (NOTA), 1,4,8,1 l-tetraazacyclotetradecane-N,N*,N"JsF'"- 
tetraacetic acid (TETA) or a compoimd with a general formula 





Rl-N 



N-R2 



PG 



Z 
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wherein 

PG is a sulfiir protecting group selected from allcanoyl, arylcarbonyl, arylalkanoyl, 
acetamidomethyl, tetrahydropyranyl and tetrahydrofuranyl, 

Y", and Y'" are hydrogen or oxygen with the proviso that at least one of them is an 

Ri and R2 are hydrogen or alkyl (Ci-Ca), 

X == NH or S with the proviso that Y"' is hydrogen when X is S, 

ZisPGifXisS,and 

Z is hydroxyalkyl, atninoalkyl or carboxyalkyl. 

A pharmaceutical formulation comprising a peptide of claim 1, claim 6 or claim 1 1 • 

A method of therapeutically treating an animal, including a person, comprising 
administering a therapeutic amount of a peptide of claim 1, claim 6 or claim 1 1 to said 
animal. 

A method of diagnosing an animal, including a person, comprising administering a 
peptide of claim 1 , claim 6 or claim 1 1 to said animal. 
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